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Zusammenfassung
Hintergrund: Langfristig werden Engpässe in der Versor­
gung mit Thrombo zyten in Deutschland auf Grund demo­
graphischer Veränderungen antizipiert. Der Anstieg der 
Krebsinzidenz wird zu einem steigenden Bedarf an Throm­
bozytenkonzen traten (TKs) führen, aber potentielle Spender 
werden abnehmen. Pathogeninaktivierung (PI) zielt darauf 
ab, eine Vielzahl infektiöser Agentien einschließlich neu auf­
tretender Pathogene zu inaktivieren, die Haltbarkeitsdauer 
von TKs zu verlängern und die Häufigkeit akuter Transfusi­
onsreaktionen (ATRs) zu reduzieren. In diesem Zusammen­
hang wurden klinische und ökonomische Auswirkungen der 
PI auf Thrombozytentransfusionen untersucht. Methoden: 
Modellberechnungen wurden für 2 Szenarien unter Be rück­
sich tigung verschiedener Produktionssituationen durch­
geführt. Häufigkeiten von ATRs basierten auf Literaturanaly­
sen, Thrombozyten­ und ATR­Kosten auf Istkostenanalysen. 
 Ergebnisse: Die geschätzten Durchschnittskosten für ATRs 
Grad 1 und 2, unabhängig von der Ursache, und Grad 3 
 (allergisch) betrugen 104, 238 und 1200 €. Ungefähr 400 TK­
bezogene ATRs pro 105 Transfusionen können vermieden 
werden; geschätzte Einsparungen betragen 77 000 €. Ein 
Gesamtkostenanstieg von zirka 30–50 € pro PI­behandeltem 
TK wurde errechnet. Schlussfolgerungen: Potentiell spart PI 
Plasma, verlängert die Haltbarkeitsdauer, verringert den 
Ausschluss von Spendern und vermindert ATRs. Modellbe­
rechnungen, die den klinischen und sicherheitsrelevanten 
Nutzen der PI berücksichtigen, zeigen einen ratio nalen Kos­
tenanstieg. Die Bedeutung der PI sollte aus einer gesell­
schaftlichen Perspektive unter Berücksichtigung der zukünf­
tigen Versorgung mit Blut und der Globalisierung 
 infektiöser Erkrankungen weiter untersucht werden.
Keywords
Acute transfusion reaction · Cost · Haematology/oncology 
patients · Pathogen inactivation · Pathogen reduction · 
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Summary
Background: Future shortages in platelet supply are ex­
pected in Germany due to demographic changes. A rising 
cancer incidence will lead to an increasing demand for 
platelet concentrates (PCs) while the number of potential 
donors will decrease. Pathogen inactivation (PI) aims to 
 inactivate various infectious agents including emerging 
pathogens to extend the shelf­life of PCs and reduce the 
 frequency of acute transfusion reactions (ATRs). In this 
 context, the clinical and economic impact of PI on platelet 
transfusion was evaluated. Material and Methods: Model 
calculations were conducted for 2 scenarios considering 
 different production settings. Frequencies of ATRs were 
based on literature analyses, platelet and ATR costs on cost 
analyses. Results: The estimated average costs for ATRs of 
grade 1 and 2, irrespective of origin, and grade 3 (allergic) 
were € 104, € 238, and € 1,200, respectively. Approximately 
400 PC­related ATRs per 105 transfusions can be avoided, 
with estimated savings amounting to € 77,000. The total 
cost  increase was calculated to approximately € 30–50 per 
PI­treated PC. Conclusion: PI potentially saves plasma, 
 prolongs shelf­life, decreases donor deferral, and reduces 
ATRs. Model calculations considering clinical and safety 
benefits of PI show a rational cost increase. The impact 
of PI should be further evaluated from a societal perspective 





















   
   
   
   
   
   
   
   
   
   
   






















well described changes in morphology and biochemistry
knownasplateletstoragelesionsexplainswhyfreshplatelets
aremoreeffective[6,7].Further,plateletproductsfortrans-
fusionare storedat room temperature inplasmaorplasma
with additive solution under constant agitation, which can
promotebacterialgrowth[2,6].
Risks of Platelet Transfusion
Theknownclinicalrisksofplatelettransfusionsincludeinfec-
tious complications, immunologic events, andbacterial con-
tamination [2, 6, 8].Despite thorough donor screening and
extensivelaboratorytesting,theriskofthe‘windowperiodof





acute respiratory syndrome (SARS) virus, Dengue virus,
Chikungunya virus, and the parasites Trypanosoma cruzi 
(Chagas disease), Plasmodium falciparum (malaria) and
Introduction
Platelettransfusionsareessentialtopreventandtreatbleed-
ing in thrombocytopenic, immunosuppressed patients with
cancer, haematological malignancies, bone marrow failure,
andafterhaematopoieticstemcellorbonemarrowtransplan-
tation.Theriskofbleedingdependsnotonlyontheplatelet
count, but also on the underlying disease, recent haemor-
rhage, pre-medication potentially influencing platelet func-
tion,complicationssuchassepsis,uraemia,anaemia,necrosis
in tumour tissue, anddefects in coagulation function [1, 2].
Theusualplateletdoseshavebeenintherangeof3–6×1011















Totalissues 292,646(100) 520,077(100) 301,628
Issuesper1,000population 4.5 6.4 4.8
Populationin2011[43],n 65.0×106 81.8×106 62.5×106
SeverePCtransfusion-relatedcomplications,n France2011[41] Germany2010[15] UK2011[42]
Acutetransfusionreactions(ATRs)
Total 620 – 145
Grade1 560 0 –
Grade2 54 18 –
Grade3 6 13 –
Grade4 – 1 –
ReportedATRsper100,000PCs
Total 211.6 3.0 48.2
Grade1 191.1 – –
Grade2 18.4 – –
Grade3 2.0 – –
FNHTR
Total 238 3 41a
Per100,000PCs 81.2
TRALI




Total 3 2 0
Grade3–4 2
Per100,000PCs 1.0
TTVI(HBV,HCV,HIV) – 1(HBV) 0
Haemolytictransfusionreaction 0 2 1
DeathsbyPCtransfusion-relatedcomplications,n
TTBI 1 0 0
TRALI 0 0 0






















   
   
   
   
   
   
   
   
   
   
   























the haemovigilance data of 3 European countries derived
from the literature.Thereare considerablevariations in re-
ported incidence rates of adverse events between countries
(table1).Plateletconcentrates(PCs)carrythehighestriskof
bacterialcontaminationcomparedtoallotherbloodcompo-
nents [6, 9, 12, 13]. Transfusion transmitted bacterial infec-
tions(TTBIs)causedbyPCswerereportedwithafrequency











Platelet Demand and Supply
Froma long-termperspective inGermany, shortages in the
supplyofplateletsareexpectedduetodemographicchanges
[16, 17]. Platelet consumption has increased continuously
between2004and2011by37.3%intotal[18].Adecreasein
the number of potential donors (< 65 years of age)will be
accompanied by an increase in elderly patients requiring
transfusions [16, 17, 19]. Furthermore, from 2007 to 2050,
ariseincancerincidenceby27%hasbeenpredictedforGer-




ern Mecklenburg Pomerania, the demand for in-hospital
bloodtransfusionswill increasebyapproximately25%from
2005to2020;simultaneouslyblooddonationswilldecreaseby










Pathogen Inactivation/Reduction Technologies for PCs
Currently, pathogen inactivation/reduction technologies
(PRTs) for PCs comprise 3methods: pathogen inactivation
(PI)with the InterceptBlood System™ (IBS) consisting of
treatment with amotosalen and ultraviolet (UV) A light
(Cerus Corporation, Concord, CA, USA), the Mirasol®
technology utilizing riboflavin and irradiation with UVB
andUVC light (TerumoBCT, Lakewood, CO,USA), and
theTheraflexUV™procedure using irradiationwithUVC
light alone (MacoPharma, Mouvaux, France) [7, 11]. For
the Mirasol method, platelets are suspended in plasma or

















































   
   
   
   
   
   
   
   
   
   
   


























and TheraflexUV technology [21].With IBS, platelets are









IBS-treated platelets, the remaining risk of TTBI is almost
negligible, thefrequencyofATRscanbereduced,andcon-
comitantly the shelf-lifeofPCs canbeprolonged from4 to
5daysresultinginwastageratereduction[22].WhiletheIBS




acids [11, 23, 24].Table2 gives anoverviewof thebenefits
anddrawbacksofPRTs.







oncology department to estimate benefits and costs on the
basis of model calculations. Since in-house production of
platelets is not a common approach for German hospitals,
2 scenarios were calculated considering organisational and
structuraldifferences.Onescenario takes intoconsideration
possiblesavingsbyeliminationoftestsandgammairradiation






treatment of PCs because thismethod is to date themost thoroughly
studiedandmostwidelyusedinvariouscountries.InGermany,itisthe
only PRT technology for PCs approved by the Paul-Ehrlich-Institute
(PEI)[22].
Model Input: Clinical Outcome and Associated Costs
ExperiencehasshownthatclinicalbenefitsafterintroductionofIBSare
thereductionofallergic-typeATRsandthepreventionofATRscaused




[25]. To determine treatment costs of the clinical symptoms ofATRs,
thesepossiblereactionswereallocatedtograde1–3reactionsaccording
to theWHO(grade1: absenceof immediateor long-termvital threat;



























Chills chills,hypotension,flushing 44 €30.00 €13.2
Fever fever,dyspnoea,nausea/vomiting 28 €252.24 €70.6









Grade3allergic anaphylaxisand/orshock €1,200.00 €1,200






















   
   
   
   
   
   
   
   
   
   
   






















€ 50.85 per IBS-treatedPC if savings by omission ofCMV
andsyphilistesting,reductionofATRs,andtheplasmasaved














ventions in the developedworld, PI for PCs appears to be
cost-effectivetomostauthors[29–31].
TheperspectiveofPCtransfusionforhaematology/oncol-




cal studies available suggest considerably higher rates of
ATRs [25, 32]. Critically ill haematology/oncology patients
areespeciallysusceptibletosevereinfectionsduetobacterial
contamination[14].ThedemandofPCsforthispatientgroup




benchmarking and patient blood management to avoid in-
appropriate transfusions and wastage [33]. PI could poten-
tiallyaddtothesemeasuresbysavingofplasma,prolongation




the study of Osselaer et al. [27], in which the authors report on the
frequencyofsymptomsrelatedtoplatelettransfusionreactions[27].
Model Input: Platelet Costs
ThecostofasingleapheresisPCproducedattheUniversityHospitalof
Munichis€284.CostsforIBSmaterialanduseofequipmentfor2PCs











in table 3.Model calculationsallow todetermineestimated
savings by reduction of ATRs using IBS-treated platelets.
Using the frequency and costs ofATRs per 105 PCs trans-
fusedresultsinestimatedsavingsof€77,000per105platelet
transfusions (table 4). Approximately 400 PC-related reac-
tionsper105transfusionscanbeavoided,resultinginbenefits
forthepatientsandasavinginstaffworkingtime.
Transfusions of PCs causing ATRs usually have to be
stopped and the PC discarded. The only exception is mild
ATRsgrade1withsymptomsofchills,hypotension,orflush-
ing,wherethetransfusionoftencanbecontinued.Therefore,






at the University Hospital of Munich. This means an esti-
mated cost increase of approximately 11% per IBS-treated
PCcomparedtoagamma-irradiatedPC.Amostconservative
estimation of the expected cost increase results in up to
Table 4.Costofacutetransfusionreactions(ATRs)per105platelettransfusionswithoutandwiththeInterceptBloodSystem™(IBS)(totalnumbers
ofATRsafterplatelettransfusionswithplateletconcentrateswithoutorwithIBSaswellasfrequenciesofgrade1/2ATRswerederivedfromthe





ATRs,n costofATRs ATRs,n costofATRs
DegreeandfrequencyofATRsin105platelettransfusions
61%grade1ATRs[25] 323 €33,592 85 € 8,840
33%grade2ATRs[25] 175 €41,650 46 €10,948
1allergicgrade3ATR[45]   1 € 1,200  1 € 1,200
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Despite thehigh safety standardachieved in thepast for
blood products, bacterial contamination of PCs potentially
leadingtobacterialsepsisremainsarelevantresidualrisk[6,
9,13,15].Theimplementationofroutinebacterialdetection
methods to screenplatelets for bacterial contamination can
further reducebutnot completelyeliminate the riskofPC-
transmittedbacterialinfection[34].Bacterialdetectionassays
onlydetectlessthan40%ofcontaminatedproducts[35,36].
Therefore, comprehensive protection from bacterial infec-
tions includingfatalsepsis transmittedbycontaminatedPCs
remainsthemajorreasonforimplementationofPI.
The potential of the PI technique with IBS as a tool to
ensuresafebloodsupplyinthecaseofsuddenepidemicshas
alreadybeendemonstratedontheoccasionofanoutbreakof
the Chikungunya virus in an overseas French department
[10].ImplementationofPIinvariouscountriesisinprogress
[37]. Centres in Sweden, Belgium and Spain using the IBS
technologyarenolongerperformingroutinegammairradia-
















to the lackof reliabledata, 2model assumptionshad tobe
made.Labour costs for theproductionofPCs couldnotbe
considered sincenoGermandataon staffworking time for
proceduresliketestingofbloodproductsandconductingthe
IBSprocedurehavebeenpublished.Wastagerateswerenot
considered because they seem to be influenced by various













nied by savings accordingly. This estimation is, however,
basedonBelgiandata[29].
Inconclusion,PIseemstobeanimportantoptionforhae-
matology/oncology patients to almost eliminate PC-related
septic transfusion reactions, to reduce PC-related allergic
transfusion reactions according to literature-derived clinical




fits. This number can only be interpreted in comparison to
othertreatmentexpenditures.Forexample,in2011costsfor
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